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(54) Polymer electrolyte fuel cell 



(57) A gas diffusion layer comprising an electrocon- 
ductive porous material and 16-55% by weight of fluor- 
oresin added thereto is used for at least one of the 
positive electrode and the negative electrode, whereby 
the water-retaining property of the inside of the mem- 
brane/electrodes assembly is improved without hinder- 
ing gas diffusion to enable the polymer electrolyte to be 
moistened with water formed at the positive electrode, 
and resultantly a polymer electrolyte fuel cell which 
operates by unhumidif ied gas is provided. 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

[00011 The present invention relates to a polymer electrolyte fuel ceD (hereinafter abbreviated as PEFC) which uses 
as the fuel such a reducing agent as pure hydrogen or modified hydrogen obtained from methanol or fossd fuels and 
uses as the reaction gas such an oxidizing agent as air or oxygen. In more particular it relates to a PEFC wh.ch oper- 
10 ates by unhumidified reaction gas. 

2. Description of Related Art 

[0002] A PEFC comprises a membrane/electrode assembly consisting essentially of a polymer electrolyte membrane 
J5 and gas diffusion electrodes (hereinafter referred to as MEA). in which, as shown in Fig, 1 . reactions represented by the 
formulas (1) and (2) take place respectively at the positive electrode 4 and the negative electrode 5. 

1/20 2 + 2H + + 2e--»H20 ( 1 ) 

20 H 2 ->2H + + 2e- ( 2 ) 

[00031 When the above reactions take place, the protons generated at the negative electrode move to the positive 
electrode via the polymer electrolyte membrane 1 . Since a polymer electrolyte does not show a high tonic conductwrty 
unless it is in a sufficiently moistened condition, generally the reaction gas needs to be always humidified by the use of 

25 a humidifier or the like in order to prevent the electrolyte from drying. On the other hand, the gas diffusion layer 2 of the 
electrode needs to have a high gas permeability in order that a high current density can be obtained. Therefore to pre- 
vent the blockage of the gas diffusion path, excessive moisture must be discharged to the outside of the MEA. pot 
example. JP-A-6-295728 uses as the gas diffusion layer carbon paper formed essentiaDy of carbon ^madefrom 
pdyacrylonitrile as the raw material and subjected to a water repellent treatment using fluororesm In JP-A-7-134993. 

30 the diffusion layer of the fuel electrode is provided with a hydrophobicrty gradient such that the hydrophobia* is increas- 
ingly low toward the catalyst layer side 3 and the diffusion layer of the positive electrode is provided with a hydrophobic- 
rty gradient such that the hydrophobic^ is increasingly high toward the catalyst layer side. By adopting the above- 
mentioned structure, the lowering of the moisture content of the polymer electrolyte of the fuel electrode side is pre- 
vented and the so-called flooding, which is a phenomenon wherein the catalyst layer is wetted by water formed at the 

35 positive electrode side and results in the blockage of the gas diffusion path. 

BRIEF SUMMARY OF THE INVENTION 

[00041 However, when the previous PEFC which operates by humidified gas. which is so designed as to discharge 
excessive water to the outside of the MEA. is operated by using an unhumidified gas the polymer electrolyte membrane 
and the polymer electrolyte contained in the catalyst layer become dry and the movement of protons tends to take place 
with difficulty. Moreover, the polymer electrolyte in the catalyst layer undergoes contraction to decrease the area of the 
electrolyte covering the platinum catalyst, that is, the reaction area, resulting in the increase of the internal resistance 
of the PEFC- thus, a good characteristic property cannot be obtained. In the operation of a PEFC using unhumidif .ed 
gas on the other hand, the flooding caused by the water formed at the positive electrode hardly takes place unlike in 
the 'operation thereof using humidified gas, so that it is important to retain the water formed at the poab^elertote 
inside the MEA without discharging the water to its outside. In a PEFC of the structure specified by JP-A-7-134993. 
also, when the cell is operated by using an unhumidified gas, the amount of water evaporated from the positive elec- 
trode is large and hence the internal resistance increases similarly. _ 
[0005] According to the present invention, the water-retaining property of the inside of the MEA is improved without 
hindering gas diffusion, whereby the polymer electrolyte can be sufficiently moistened by use of the water formed at the 
positive electrode and resuttantly the operation of a PEFC using an unhumidified gas becomes possible. Thus, the 
object of the present invention is to provide a PEFC which can be operated by use of an unhumidified gas. 
[0006] To attain the above-mentioned object according to the present invention, in a PEFC which operates by unhu- 
55 midified air or oxygen and unhumidified hydrogen or reformed gas containing hydrogen, a gas diffusion layer compris- 
ing an electroconductjve porous material and 16-55% by weight of fluororesin added thereto is used for at least one of 
the positive and the negative electrodes, whereby the water-retaining property of the inside of the MEA can be improved 
without hindering gas diffusion and resultantly the polymer electrolyte can be moistened with the water formed at the 
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positive electrode. 

[0007] According to the present invention, an excellent water-retaining property of the inside of the MEA is attained 
without hindering gas diffusion and hence the polymer electrolyte can be sufficiently moistened with the water formed 
at the positive electrode, whereby a PEFC which can be operated by using an unhumidified gas can be provided. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 



[0008] 

Fig. 1 is a schematic representation of a polymer electrolyte fuel cell. 

Fig. 2(a) is a diagram showing a process for preparing a gas diffusion layer using the impregnation method, and 
Fig. 2(b) is a diagram showing a process for preparing a gas diffusion layer using the dropwise addition method. 
Rg. 3 is a graph showing the relation between the FEP addition percentage fi e., percentage of FEP added) and 
the pressure loss of the gas diffusion layer. 

Rg. 4 is a graph showing the relation between the FEP addition percentage and the porosity of the gas diffusion 
layer. 

Rg. 5 is a graph showing the pore size distribution of the gas diffusion layer at the respective FEP addition percent- 
ages. 

Rg. 6 is a graph showing the relation between the percentage of FEP added to the gas diffusion layer and the volt- 
age of the cell at 0.2 A/cm 2 . 

Rg. 7 is a graph showing the relation between the percentage of FEP added to the gas diffusion layer and the 
resistance of the cell at 0.2 A/cm 2 . 

DETAILED DESCRIPTION OF THE INVENTION 

[0009] The aspect of the present invention described in claim 1 relates to a polymer electrolyte fuel cell which com- 
prises a polymer electrolyte membrane and, arranged on the both sides thereof, a positive electrode and a negative 
electrode, the positive electrode and the negative electrode each comprising a catalyst layer and a gas diffusion layer, 
and is operated by feeding unhumidified air or oxygen to the positive electrode and feeding unhumidified hydrogen or 
reformed gas containing hydrogen to the negative electrode wherein the gas diffusion layer of at least one of the posi- 
tive electrode and the negative electrode comprises an electroconductive porous material and 16-55% by weight of 
fluororesin added thereto. According to the aspect, the diffusion of gas is not hindered and the inside of the MEA can 
attain an excellent water-retaining property, so that a PEFC can be provided wherein the polymer electrolyte can be suf- 
ficiently moistened with the water famed at the positive electrode and which can be operated by use of unhumidified 
gases. 

[001 0] When the percentage of the fluororesin added (sometimes referred to as "fluororesin addition percentage") is 
small the water repellency of the gas diffusion layer is low, so that the water formed and condensed in the catalyst layer 
of the positive electrode is apt to pass through the gas diffusion layer and be discharged to the outside of the MEA with 
ease. Consequently, the MEA becomes dry and the moisture content of the polymer electrolyte becomes low, resulting 
in a high internal resistance and a low voltage. 

[001 1 ] On the other hand, when the percentage of the fluororesin added is large, the water repellency of the gas dif- 
fusion layer is high and its porosity is low, so that the gas diffusion layer acts just like a cover for the MEA, and liquified 
water is apt to pass through the gas diffusion layer with difficulty. However, since the gas permeability becomes low at 
the same time, the diffusion of the reaction gas becomes rate-determining and resultantly the voltage becomes low. 
[001 2] Thus, in a high performance PEFC which operates by unhumidified gas, it is important to keep a good balance 
between the water repellency of the diffusion layer and the gas permeability of the layer. To enhance the water repel- 
lency of the gas diffusion layer without hindering gas diffusion and thereby to enhance the water-retaining property of 
the inside of the MEA, the addition of 16-55% by weight, more preferably 40-50% by weight, of fluororesin to the layer 
is effective. 

[001 3] The fluororesin addition percentage of the gas diffusion layer is calculated by the formula (3). 



W 



S+F 



(3) 



U F (wt%) : 

W s (kg): 

W s+F (kg): 



Fluororesin addition percentage of gas diffusion layer 
Weight of porous electroconductive material 

Weight of porous electroconductive material after water repelling treatment (porous electroconductive 
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material + fluororesin) 



10 



30 



35 



[00141 When the porosity of the gas diffusion layer subjected to water-repelling treatment is ^75% by ^ume, a 
^ LfJ^ obTained in enhancing the water repellency of the gas diffusion layer without hmdenng gas drffus.cn and 
Sbf Sr^ thl Le^SrTproperty d thelLle of the MEA. and a high performance PEFC can be pro- 

Siert feT£l 25 cdfc agood effect is obtained in enhancing the water repellency of the j jas < drffaoon 

a high performance PEFC can be provided. The specific volume of pores havmg a d.ameter of 17-90 urn is more pref 

^m 'm^^rm of tetraf .uoroethy.ene with hexaf.uoropropy.ene is used as the f luororesin. a higher perform- 

ro^r^u^X^n paper comprising carbon fiber made from colyacrylorttfle as the raw materia, is used - 
as the electroconductive porous material, a higher performance PEFC can be provided. . rah . an 

Sm ffl FcTSleasl one ofthe positive and the negative electrodes in the PEFC of the present .nvenfcon, P^erabfy an 
Eod i TprepKl by thedropwise addition method comprising the step erf dispe^mgc^np^er 
J^.'Se^S catalyst in an organic solvent to obtain a liquid dispersion, the step of moang the hqud cfcsper- 
aSiSS ofa pdymSectrolyte to form a P*m« f^^^^^ 
alSud mixture wherein the colloid is adsorbed to the carbon powder and the step of applyng the baud mixture on one 

nTan oro^solvemTnd an alcoholic solution of a solid polymer electrolyte to producecollcd the^ 
St Se bv mixing the coltoid dispersion and noble metal catalyst-supporting carbon powder to adsorb the col- 
, I JdT^^P^a^ Z step oTapp.ving the liquid mixture on one side of the abeve-mentbned d«f usron fcyer. 
Amona these dropwise addition methods, the former is preferable. ^ rtare ; A „ *f 

S SreSn the method of preparing a gas diffusion electrode lea* to f te outran d 
hTnivmer electrolvte in the catalyst layer, which affects the charactenstic property of the PEFC In order further to 
•iS^tSor fkSroresSSon percentage of the present invention, the above-mentioned dropw.se addition 
S £££ fEESSS 2K atSition meSod. the polymer electrolyte is adsorta* ^ the P.a«"urn- 
^mSIS^oZ thinly and in ahighly dispersed slate, so that the network of the polymer electrolyte .n the 
S^^Ser the layer. In the operation of a PEFC using an unhumidified gas. such a state 

with good efficiency, thus a PEFC with a higher performance can be provided. 
[0021] The present invention may also be a subcombination of these described featur fS; 
[0022] PEFCs obtained according to some embodiments of the present .nverrton are desenbed below. 

Embodiment 1 

[0023] An MEA is prepared as follows according to the method for preparing a gas diffusion electrode shown in fig. 

Si bylSo^po.ySluoroethy.ene (hereinafter abbreviated as PTFE). The siting powder muture to cat- 
aSls scarred on one side of carbon paper comprising carbon f *>er made from polyaoylonrtr^ as the raw , ma ena. 
SStohlMCft by weight of tetrafluoroethylene-hexafluorcpropylene copolymer (hereinafter retered to a £EP) has 
Mm* bonded beforehand, and the resulting system is hot-pressed at 340-380'C and 5-20 kgW to obta.n a gas 

£T SSSSion of the polymer eiectrolyte to the gas diffusion electrode is conducted by using a ^cd which 
Lomorises coating a solution mixture of isopropyl alcohol and a Nafion solution of a proporton of 0.05-1 .5g of the latter 
piTS^e SmeTon the electrode while sucking the e.ectrcde from the carbon paper side by means of a pump. 

1 SSa A Sr electrolyte membrane is held between two gas diffusion electrodes prepared as describee I above 
Ke wSSHSm is hot-pressed by using a hot press at 120-170'C and 50 kgf/cm* The MEA obta.ned through 

ThusTa PEFC can be provided in which the polymer electrolyte can be mo.stened wrth the water formed at the positwe 
electrode and which can be operated by use of unhumidified gases. 
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Embodiment 2 

[0027] An MEA is prepared as follows according to the method for preparing a gas diffusion electrode shown in Fig. 
2(b) (hereinafter referred to as the dropwise addition method). 

[0028] First, caibon powder supporting a platinum catalyst is mixed with carbon fine powder which has been water 
repelling-treated by addition of PTFE. The resulting powder mixture for catalyst is mixed with n-butyl acetate to obtain 
a liquid dispersion of platinum catalyst. To the liquid dispersion is added in drops, with stirring by means of a magnetic 
stirrer, an alcoholic solution of a polymer electrolyte, and then the resulting mixture is made into the form of paste by 
use of an ultrasonic disperses The paste thus obtained is coated on one side of carbon paper comprising carbon fiber 
made from polyacrylonitrile as the raw material to which 16-55% by weight of FEP has been melt-bonded beforehand, 
and thai dried to obtain a gas diffusion electrode. A polymer electrolyte membrane is held between two gas diffusion 
electrodes thus obtained and the whole is hot-pressed by using a hot press at 120-170°C and 50 kgf/cm 2 . 
[0029] The MEA obtained through the above-mentioned steps does not hinder gas diffusion. Furthermore, since the 
polymer electrolyte is adsorbed into the catalyst layer more thinly and in a more highly dispersed state than in the PEFC 
shown in Embodiment 1, this PEA is more excellent in the water-retaining property of the inside of the MEA. Conse- 
quently, a PEFC can be provided in which the polymer electrolyte can be moistened with the water formed at the posi- 
tive electrode more efficiently and which can be operated by use of unhumidif ied gases. 

[0030] The present invention is described in detail below with reference to Examples. The examples are not intended 
to limit the scope of the invention. 

Example 1 

[0031] By using FEP as the fluororesin, gas diffusion layers in which the FEP addition amount is 8-60% by weight 
were prepared. 

[0032] Each of the gas diffusion layers was prepared by immersing a carbon paper (rnfd. by Toray Industries, Lid.), 
used as the carbon paper comprising carbon fber made from polyacrylonitrile as the raw material, in a FEP liquid dis- 
persion obtained by diluting a FEP (ND-1 , a Trade name. rnfd. by DaiWn Industries. Ud.) with deionized water and then 
baking the resulting paper to mett-bond the FEP to the carbon paper. Gas diffusion layers A-F having a FEP addition 
amount ranging from 8 to 60% by weight as shown in Table 1 were prepared by controlling the degree of dilution of ND- 
1. 



Table 1 





FEP addition amount 
(wt%) 


Gas diffusion layer A 


8 


B 


16 


C 


40 


D 


50 


E 


55 


F 


60 



[0033] The gas diffusion layers A-F prepared above were determined for their pressure loss. Fig. 3 shows the relation 
between the FEP addition percentage and the pressure loss of the gas diffusion layer. The results obtained reveal that 
the pressure loss of the gas diffusion layer increases as the FEP addition percentage increases. 
[0034] Then the gas diffusion layers A-F were determined for their porosity and pore size distribution by the mercury 
intrusion method. 

[0035] Fig. 4 shows the relation between the FEP addition amount and the porosity of the gas diffusion layer. The 
results obtained show that the porosity decreases as the FEP addition percentage increases, reveaiing that the pores 
are filled with FEP. 

[0036] Fig. 5 shows the pore size distribution of each of the gas diffusion layers A-F. Each of the curves show a large 
peak in the diameter range of 17-90 urn. The peak area, and hence the specific pore volume, decreases with the 
increase of the FEP addition percentage. The results obtained above reveal that in the carbon paper used, the pores 
are predominantly in the range of diameter of 17-90 urn and the FEP is distributed among and in the pores of these 
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diameters. . 
[0037] Table 2 summarizes with the gas diffusion layers A-F, the FEP addition percentages, the porosities and the 
specific volumes of pores having a diameter of 17-90 jim. 



Table 2 



Gas diffusion layer 


A 


B 


C 


D 


E 


F 


FEP addition percentage (wt%) 


8 


16 


40 


50 


"~55 


60 


Porosity (vol %) 


80 


75 


70 


50 


45 


25 


Specific volume of pores having pore diameter of 1 7-90 |im 
(cc/g) 


1.38 


1.25 


0.80 


0.55 


0.45 


0.30 



Example 2 

[0038] PEFCs were prepared as follows by using the gas diffusion layers A-F prepared in Example 1 and according 
to the impregnation method shown in Fig. 2(a). 

[00391 Carbon powder supporting 10-30% by weight of platinum catalyst and carbon fine powder which has been 
water repelling-treated by addition of 25-70% by weight of PTFE were mixed in a mixing ratio ranging from 8:2 to 5:5. 
Each ofthe resulting powder mixtures for catalyst layer was scattered on one side of the gas diffusion layer havingthe 
FEP addtion percentage of 8-60% by weight obtained in Example 1 , and the resulting system was hot-pressed at 340- 

[OMffl a "n^ addition of the polymer electrolyte to the electrode was conducted by a method which comprises coating 
a solution mixture of isopropyl alcohol and a "5% Nation solution" (a trade name, mfd. by Aldrich Chemical Co.. Ltd., 
USA) of a proportion of 0.05-1.5g of the latter per 2 ml of the former on the electrode while sucking the electrode from 
the carbon paper side by means of a pump, followed by drying. Then Nation 112 (a polymer electrolyte membrane mfd. 
bv Du Pont de Nemours, El. Co.. USA) was held between two electrodes prepared as above and the resulting system 
was hot-pressed by using a hot press at 120-170'C and 50 kgf/cm 2 . The amounts of platinum and polymer elecfrolyte 
Sed wSeXectively 0.5 mg/cm 2 and 1 .0 mg/cm 2 per apparent electrode area for both of the electrodes. PEFCs 
were constructed by using the MEAs prepared above and designated as cells A-F. 

Example 3 

[0041] PEFCs were prepared as follows by using the gas diffusion layers A-F obtained in Example 1 and according 
tothedropwise addition method shown in Fig. 2(b). 

ro042] Carbon powder supporting 1 0-30% by weight of platinum catalyst and carton fine powder which has been 
water repelling-treated by addition of 25-70% by weight of PTFE were mixed in a mixing ratio ranging from 8:2 to 5:5. 
The resulting powder mixture for catalyst layer was mixed with n-butyl acetate so as to give a weight ratio of platinum 
to n-butyl acetate of 1 to 120. to obtain a liquid dispersion of the platinum catalyst To the liquid dispersion was added 
in drops with stirring by means of a magnetic stirrer, an alcoholic solution of a polymer electrolyte until the amount ratio 
of platinum to polymer electrolyte reached 1:2, and the resulting mixture was made into the form of paste by usrng an 
ultrasonic dispenser. The alcoholic solution of polymer electrolyte used was "5% Nation solution" (a trade name. mfd. 
bv Aldrich Chemical Co.. Ltd.. USA). The paste obtained above was coated on one side of the gas diffusion layer having 
a FEP addition percentage of 8-60% by weight obtained in Example 1 and then dried to obtain a gas diffusion electrode^ 
A polymer electrolyte membrane, Nation 112 (a trade name, mfd. by Du Pont de Nemours, E.I.. Co., USA), was held 
between two electrodes obtained as described above and the resulting system was hot-pressed by using a hot press 
at 120-170»C and 50 kgf/cm 2 . The amounts of platinum and polymer electrolyte added were respectively 0.5 mg/cm' 
and 1.0 mg/cm 2 per apparent electrode area for both of the electrodes. PEFCs were constructed by using the MEAs 
' prepared above and designated as cells a-f. 

[0043] The cells A-F prepared by the impregnation method in Example 2 and the cells a-f prepared by the dropwise 
addition method in Example 3 were each subjected to constant-current discharge at 0.2 A/cm 2 by feeding hydrogen gas 
to the negative electrode and air to the positive electrode both in the unhumidified state. 

[00441 Fig 6 shows the relations between the percentage of FEP added to the gas diffusion layer and the voltages of 
cells A-F and cells a-f at a current value of 0.2 A/cm 2 . In the cells A-F prepared by the impregnation method in Example 
2 the vottage was 0.4 V or higher when the FEP addition percentage was 16-55% by weight, a high voltage being 
exhibited particularly at 40-50% by weight; when the FEP addition percentage was 8% by weight and 60% by weight, 
the cell voltage was very low, as low as 1 00 mV or lower. In the cells a-f prepared by the dropw.se addition method in 
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Example 3, the voltage was 0.5 V or higher when the FEP addition percentage was 16-55% by weight, a high voltage 
being exhibited particularly at 40-50% by weight; when the FEP addition percentage was 8% by weight and 60% by 
weight the cell voltage was very low, as low as 150 mV In the cells prepared by both the impregnation method and the 
dropwise addition method, the cell vottage showed similar behavior against the FEP addition percentage, but the cells 
5 prepared by the dropwise addition method showed 50-1 00 mV higher voltages at respective FEP addition percentages 
as compared with those by the impregnation method. 

[0045] Fig. 7 shows the relation between the percentage of FEP added to the gas diffusion layer and the internal 
resistance of the cell. In both of the cells prepared by the impregnation method and the dropwise addition method, the 
internal resistance of the cell decreased with the increase of the FEP addition percentage. The decrease of the resist- 
io ance was particularly large when the FEP addition percentage increased from 8% by weight to 16% by weight. The 
internal resistance of the cells prepared by the impregnation method was higher than that of the cells prepared by the 
dropwise addition method over the whole range of FEP addition percentage. 

[0046] Since the pressure loss increases when the FEP addition percentage increases as described above, it is con- 
sidered that when the addition percentage increases, the gas permeability of the gas diffusion layer tends to lower, in 

15 other words the gas tends to diffuse with difficulty. The increase of the pressure loss is conceivably due to the decrease 
of porosity, that is, due to filling of FEP in the pores of the gas diffusion layer. Furthermore, since the pores of the gas 
diffusion layer are predominantly of a diameter of 17-90 jim and the specific volume of the pores having a diameter of 
17-90 fim is observed to decrease when the FEP addition percentage increases, it is considered that gases are sup- 
plied through the pores of the above-mentioned diameters and FEP is filled in the pores of said diameters. 

20 [0047] In the gas diffusion layer having a FEP addition percentage of 8% by weight, the water repellency is low due 
to the low FEP addition percentage, so that the water formed and condensed in the catalyst layer of the positive elec- 
trode passes through the gas diffusion layer and is discharged to the outside of the MEA with ease. It is considered that 
consequently the MEA becomes dry and the moisture content of the polymer electrolyte decreases to lower the ionic 
conductivity and increase the internal resistance of the PEFC. This increase of the internal resistance is considered as 

25 the cause of the lowering of voltage. 

[0048] On the other hand, the gas diffusion layer having a FEP addition percentage of 60% by weight has a high water 
repellency and low porosity, so that the layer acts just like a cover for the MEA and the liquified water passes through 
the gas diffusion layer only with difficulty. Thus, the water formed in the catalyst layer of the positive electrode and con- 
densed is difficulty discharged to the outside of the MEA. It is considered that, consequently the water can be supplied 

30 via the polymer electrolyte in the positive electrode catalyst layer to the polymer electrolyte membrane and the polymer 
electrolyte in the fuel electrode catalyst layer and thus the MEA has a high water-retaining ability. It is considered that 
since the moisture content of the polymer electrolyte increases resultantly and the ionic conductivity increases, the 
internal resistance of the PEFC decreased when the FEP addition percentage was high. However, since the gas per- 
meability is too low when the percentage of FEP is high, the voltage lowered owing to rate-determining by the diffusion 

35 of reaction gas. 

[0049] It is therefore considered that in the cells using a gas diffusion layer having a FEP addition percentage of 16- 
55% by weight, high voltages were exhibited because the supply of the reaction gas and humidif ication by the water 
formed were sufficient. 

[0050] Difference in the characteristic properties of gas diffusion electrodes obtained by different methods of prepa- 
re ration is conceivably attributed to the state of dispersion of the polymer electrolyte in the catalyst layer thereof. In the 
cells prepared by the dropwise addition method, as compared with cells prepared by the impregnation method, the pol- 
ymer electrolyte is adsorbed to the platinum-supporting carbon powder more thinly and in a more highly dispersed 
state, so that the network of polymer electrolyte of the catalyst layer is well developed. It is considered that, in the oper- 
ation of PEFC by unhumidified gas, such a state of the catalyst layer serves for returning the generated water staying 
45 in the catalyst layer to the polymer electrolyte membrane with good efficiency. 

[0051] From the foregoing, a good balance between the water repellency of the diffusion layer and the gas permea- 
bility thereof is important for preparing a high performance PEFC which operates by unhumidified gas. Enhancing the 
water repellency of the gas diffusion layer without hindering gas diffusion and enhancing the water-retaining property 
of the inside of the MEA are effectively attained when the FEP addition percentage is 16-55% by weight, or when the 
so porosity of the gas diffusion layer subjected to water repelling treatment is 45-75% by volume or when the specific vol- 
ume of pores having a diameter of 17-90 jim of the gas diffusion layer subjected to water repelling treatment is 0.45- 
1 .25 cc/g; the effect is particularly marked when the FEP addition percentage is 40-50% by weight, or when the porosity 
of the gas diffusion layer subjected to water repelling treatment is 50-70% by volume or when the specific volume of 
pores having a diameter of 1 7-90 jim in the gas diffusion layer subjected to water repelling treatment is 0.55-0.80 cc/g. 
55 When additionally the gas diffusion electrode is prepared by the dropwise addition method, a PEFC can be provided 
wherein the polymer electrolyte in the catalyst layer is adsorbed thinly and in a highly dispersed state and which exhibits 
more enhanced performance in the operation by unhumidified gas. 

[0052] Though FEP was used as the f luororesin in the present Examples, similar effects may also be obtained by 
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using other fluororesins having water repellency. e.g.. polytetrafluoroethylene. tetrafluoroethylene-perfluoroalkyl vinyl 

ether copolymer and tetrafluoroethyleneethylene copolymer. . . a 

[00531 Though gas diffusion electrodes were prepared in the present Examples by preparing a P^eco"P»^ a 
Em cataWst polymer electrolyte and organic solvent and coating the paste on a carbon paper ^ect^ to water 
S nfl SSnifollowed by drying, the pre^mimrention can be applied to to^^ 

rt^n'the present Examples, carbon paper OTiTprisir^camon fiber made from polyacrylonM 

Sse? mZ !SmSc» W porouTmateria.. but the present invention can be applied to porous conductive 
o materials in general, e.g.. carbon cloth and carbon paper of cellulosic origin. 

S in mrpresem Examples, pert luorocaibonsulfonic acid resin was used as the polymer electrolyte, the present 

Son Z be a^ed to^uch cation exchange resins in genera, as perfyoroca.boncarboxy.ic acd resin, styrene- 

divinvlbenzenesuHOnic acid resin and styrene-butadienesulfonic acid resin. 

set forth above, according to the present invention, the water-retaining property of the made of the MEA is 
,5 Ked^SZng gas difhJon andtoe polymer electrolyte is moistened by thenar formed^ toe posrtive 

SeSoTe, whereby an elecfrode for PEFC and a PEFC which are suited to operation by unhumidrf.ed gas can be 

obtained. 

Claims 

20 1 A polymer electrolyte fuel cell which comprises a polymer electrolyte membrane and. ^ang^ on tine both stf es 
' toered positive electrode and a negative electrode each comprising a catalyst layer and a gas diffus.or Mayer and 
Tc^eCeeding unhumfcKiedS or oxygen to the posith,e electrode and feeding unhum, 
feSmed gas containing hydrogen to the negative electrode wherein the gas drffus,on layer of a least one of the 
Z5 [Stive electrode and the negative electrode comprises an electroconductive porous matenal and 16-55% by 
weight of f luororesin added thereto. 
2. The polymer electrolyte fuel cell according to daim 1 wherein the gas diffusion layer has a porosity of 45-75%. 

so 3. The polymer electrolyte fuel cell according to daim lor 2 wherein the gas diffusion layer has a specific volume of 
pores having a diameter of 1 7-90 |im of 0.45-1 .25 cmf/g. 

4. The pdymer electrolyte fuel cell according to any preceeding daim wherein the fluororesin is copolymer of 
tetrafluoroethylene and hexafluoropropylene. 

35 5 The polymer eledrolyte fuel cell according to any preceeding daim wherein the electroconductive porous material 
is carbon paper comprising caibon fiber made from polyacrylonrtrile. 

6 The polymer electrolyte fuel cell accenting to any preceeding claim wherein at least one of the positive electrode 
40 an^Katileeleciode is an electrode prepared by a process compridng toe steps of d,spers.ng ^ 

d^sSn^ncSemetal catalyst in an organic sdvem to obtoin a liquid dispersion, mixing me hquKJdispe^ 
l S aSrcsSonofapd^ 

a liquid mixture wherein the coltoid has been adsorbed to the carbon powder, and applying the liquid mixture on 
one side of the daove-mentioned gas diffusion layer. 
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FIG.3 
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(54) Polymer electrolyte fuel cell 

(57) A gas diffusion layer comprising an electrocon- 
ductive porous material and 16-55% by weight of fluor- 
oresin added thereto is used for at least one of the pos- 
itive electrode and the negative electrode, whereby the 
water-retaining property of the inside of the membrane/ 
electrodes assembly is improved without hindering gas 



diffusion to enable the polymer electrolyte to be mois- 
tened with water formed at the positive electrode, and 
resultantly a polymer electrolyte fuel cell which operates 
by unhumidified gas is provided. 



CO 
< 

CO 
CNJ 

CM 
h» 

T- 

o 

CL 
Hi 



EP 0 917 226 A3 



J) 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 12 1949 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



CHation of document with indication, where appropriate, 
of relevant passages . 



PATENT ABSTRACTS OF JAPAN 

vol. 1995, no. 61, 

28 February 1995 (1995-02-28) 

-& JP 06 295728 A (MATSUSHITA ELECTRIC IND 

CO LTD), 21 October 1994 (1994-10-21) 

* abstract * 

EP 0 292 431 A (ELTECH SYSTEMS 
CORPORATION) 23 November 1988 (1988-11-23) 

* page 2, lines 35-38 * 

* page 2, line 51 - line 56 * 
page 5, line 6 - line 58 * 

I* example 4 * 

* claims 11,16 * 

US 5 677 074 A (SERPICO ET AL) 
14 October 1997 (1997-10-14) 
•* column 2, line 47 - column 3, 
column 4, line 9 - line 17 * 
column 2, line 11 - line 18 * 
example 1 * 



1-6 



line 13 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (Irrt.CLB) 



H01M8/10 

HG1M4/88 
H01M4/96 
HG1M8/10 



1,4,6 



1,2,6 



The present search report has been drawn up for ail claims 

Daia of complaibn ot the search 



TECHNICAL FIELDS 
SEARCHED (lnLCI.6) 



HG1M 



Place si search 

Munich 



28 April 2005 



GiStz. H 



CATEGORY OF CITED DOCUMENTS 

X • particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the inventbn 
E : earUer patent document, but published on, or 

after the filing date 
D : document cited in the appfcation 
L : document cited for other n 



jTrn£nb*r of the same patent family, corresponding 
document 



EP 0 917 226 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 98 12 1040 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

28-04-2005 



Patent document 




Publication 




Patent family 


Publication 


cited in search report 




date 




member's) 


date 


JP 06295728 


A 


21-10-1994 


JP 


3547013 B2 


28-07-2004 


EP 0292431 


A 


23-11-1988 


US 


4877694 A 


31-10-1989 








CA 


1314928 C 


23-03-1993 








EP 


0292431 A2 


23-11-1988 








JP 


63304574 A 


12-12-1988 


US 5677674 


A 


14-10-1997 


AU 


3717497 A 


14-01-1998 








CA 


2260150 Al 


31-12-1997 








CN 


1227674 A 


01-09-1999 








EP 


6909466 Al 


21-04-1999 








JP 


2066513484 T 


10-10-2000 








KR 


2000022195 A 


25-04-2000 








WO 


9750143 Al 


31-12-1997 



5 



i For more details about this annex : see Official Journal of the European Patent Office, No. 1 2/82 



<0a 



Oj 



